Thayaparan et al S uperior labral anterior-posterior (SLAP) lesions pose significant limitations for many athletes, in particular, those participating in repetitive overhead movements. SLAP lesions are characterized by injury to the superior labrum beginning posteriorly and extending anteriorly, stopping before or at the mid-glenoid notch and including the "anchor" of the biceps tendon to the labrum. 35 Lesions are traditionally divided into 4 types based on morphology of the tear and involvement of the biceps anchor. 35 Type II lesions are the most common type identified in overhead athletes, making up approximately 50% of 873892S PHXXX10.1177/1941738119873892Thayaparan et alSPORTS HEALTH Context: Superior labral anterior-posterior (SLAP) lesions often result in significant sporting limitations for athletes. Return to sport is a significant outcome that often needs to be considered by athletes undergoing the procedure.
SLAP lesions. 5 Type II lesions are characterized by the detachment of the biceps anchor and the superior labrum. 22, 29, 34 With throwers, torsional peel-back of the biceps tendon on the labrum is experienced every time the arm is brought into the cocked position, increasing the risk of developing a SLAP lesion. 6, 7 Arthroscopic SLAP repair is often indicated for SLAP lesions, as it has good to excellent results in the majority of athletes, as well as high patient satisfaction. 12, 16, 24, 29 Furthermore, functional outcomes, such as visual analog scale scores and range of motion, improve after arthroscopic SLAP repair. 15 However, SLAP repair is not without complications, including postoperative pain and stiffness. 31, 36 Return to sport is critical to athletes; therefore, athletes undergoing arthroscopic SLAP repair often will inquire regarding return-to-sport timeline and ability to return to previous level of performance. 26 The purpose of this study was to assess rates of return to sport and rates of return to sport at the athlete's preoperative level of competition after arthroscopic SLAP repair to better elucidate the success of the procedure and the limitations it may have for athletic populations.
Methods
The study was conducted in accordance with the methods outlined in the Cochrane Handbook and is reported according to the PRISMA (Preferred Reporting Items for Systematic Reviews and Meta-Analyses) statement. 21 
Search Strategy and Eligibility
A systematic literature search was conducted in PubMed, EMBASE, MEDLINE, and Cochrane (CENTRAL) databases beginning from database inception through January 29, 2018 (see Appendix Table A1 , available in the online version of this article). Medical subject headings and Emtree headings and subheadings were used in various combinations in Ovid and supplemented with free text. A manual search of related references and cited articles was also performed to identify any additional relevant studies for inclusion.
Inclusion criteria consisted of the following: (1) patients undergoing arthroscopic SLAP repair; (2) a minimum of 5 eligible patients; (3) patients reporting a return to activity as defined by return to sport, return to previous level of play, or return to work; and (4) level 4 evidence or higher.
Articles were excluded if the study did not meet the above exclusion criteria, was published only in abstract format, or was a review article, surgical technique guide, imaging study, medical conference abstract, cadaveric study, or biomechanical study.
Screening
Two reviewers independently screened the titles and abstracts of all studies for eligibility using piloted screening forms. Duplicate articles were excluded using Refworks. Both reviewers assessed the full text of all potentially eligible studies identified by title and abstract screening to determine final eligibility. All discrepancies were resolved by consensus.
Data Extraction and Risk of Bias Assessment
Data were extracted in duplicate and independently by the 2 reviewers using an electronic data extraction form. The data extracted included the following: year and country of publication; type of study; number of patients; patient demographics; length of follow-up; SLAP lesion type; nature of SLAP repair procedure; number and type of complications or adverse events; whether revision surgery was required; time to revision surgery; functional outcomes; time to return to activity; percentage return to activity, as defined by return to sport and return to work; and percentage return to same level of competition. Both reviewers independently assessed the methodological quality of the included studies using the Methodological Index for Non-Randomized Studies (MINORS) tool for all nonrandomized studies and the Cochrane risk of bias tool for all randomized controlled trials.
Data Analysis
The return-to-sport measures were calculated by forming a proportion of the total patients that returned to sport after arthroscopic SLAP repair out of the entire population that underwent arthroscopic SLAP repair across included studies. Interrater reliability for study eligibility was measured using the kappa (κ) statistic. A κ of 0 to 0.2 represents slight agreement, 0.21 to 0.40 fair agreement, 0.41 to 0.60 moderate agreement, and 0.61 to 0.80 substantial agreement. A value greater than 0.80 is considered almost perfect agreement, according to the guidelines of Landis and Koch. 19 Methodologic quality was assessed independently by 2 reviewers using the MINORS tool for included, nonrandomized studies. A score of 0, 1, or 2 was given for each of the 12 items on the MINORS checklist, with a maximum score of 16 for noncomparative studies and 24 for comparative studies. Methodologic quality was categorized a priori as follows: 0 to 6, very low quality of evidence, 7-10 to indicate low quality of evidence, 10 to 14, fair quality of evidence, and >16, good quality of evidence for nonrandomized studies.
Interobserver agreement for assessment of methodologic quality was calculated using the intraclass correlation coefficient (ICC). Both κ and ICC were calculated using GraphPad Software.
Results
The literature search generated 3115 articles. After removing duplicates, 1938 articles were screened by title and abstract, leaving 34 eligible articles for full-text review. Finally, 22 articles met the inclusion criteria of this review (Figure 1 ). [2] [3] [4] [8] [9] [10] [11] [12] [13] [16] [17] [18] 20, [23] [24] [25] [27] [28] [29] 33, 37, 38 The κ value for overall agreement between reviewers for the initial eligibility decision was 0.73 (95% CI, 0.61-0.85), indicating substantial agreement.
Study and Patient Characteristics
A total of 944 patients undergoing SLAP repair (84.3% male) were included across studies, with a mean sample size of 43 patients (range, 10-179) per study. The patient population included 270 overhead athletes, with 146 pitchers. The total population consisted of athletes, overhead and nonoverhead, the majority of whom were engaged in baseball (n = 138; 14.6%), tennis (n = 8; 0.8%), and volleyball (n = 6; 0.6%). The most common concomitant pathologies were partial or full rotator cuff injury (n = 91; 9.6%) and subacromial impingement (n = 35; 3.7%). Other less common pathologies included Bankart tears (n = 10; 1.1%) and glenohumeral osteoarthritis (n = 8; 0.8%). Mean follow-up was 42.6 months (range, 27.6-78.0 months). Mean age across patients at the time of surgery was 30.5 years (range, 19.5-45.2 years) ( Table 1) .
Study Quality
All studies included were case-control, 8, 27, 37 case series, 2, 4, [9] [10] [11] [12] [13] 16, 18, 20, 24, 25, 28, 29, 33 or cohort studies 3,17,23,38 of level 2 to 4 evidence. There were no randomized controlled trials or level 1 studies included. The mean MINORS score was 10.5 ± 1.1 out of 16 (Table 1) . Agreement between reviewers in the assessment of study quality was good (intraclass correlation coefficient, 0.88; 95% CI, 0.67-0.94).
Surgical Techniques
All SLAP repairs were performed arthroscopically. Three studies 3,8,10 compared the effect of biceps tenodesis with arthroscopic SLAP repair, with 18 shoulders undergoing combined SLAP repair and biceps tenodesis, 53 individuals undergoing biceps tenodesis alone, and 75 patients undergoing isolated SLAP repair. From these 3 studies, only patients undergoing SLAP repair in isolation were included. At least 21 patients with concomitant partial-thickness rotator cuff tears or osteoarthritic lesions were treated with debridement in addition to the arthroscopic SLAP repair procedure. 18, 25, 29 The most common concomitant procedures were subacromial decompression (46/131; 35.1%) and debridement (35/131; 26.7%) (Appendix Table A2 , available online). Further information about surgical techniques, such as how portal configuration varied across studies, can be found in Appendix  Table A2 .
Rehabilitation Protocol
Rehabilitation after arthroscopic SLAP repair focused on physical therapy. The protocols differed slightly between studies; however, each followed a similar regimen. Patients used a sling for 1 to 6 weeks with either immobilization or limited mobility and gentle passive range of motion. Passive range of motion was allowed from any time after the first postoperative visit to 6 weeks after surgery. Active range of motion usually started at 3 to 9 weeks postoperatively. Strengthening exercises were started from any time after the first postoperative visit to 16 weeks postoperatively. Sport-specific training was instituted between 7 and 24 weeks postoperatively. Patients were allowed to return to sport at 3 to 6 months postoperative. In overhead athletes, the majority of studies reported return to throwing 4.5 to 7 months postoperatively after a structured throwing program. There were variable rehabilitation protocols among the biceps tenodesis procedures performed in comparison studies; however, most studies assumed the same protocol as SLAP repair. Chalmers et al 8 had patients avoid resisted elbow flexion or forearm supination for the first 4 weeks to protect the tenodesis, whereas Denard et al 10 had patients immobilized in a sling for 6 weeks postoperatively. Active elbow flexion and extension and passive forward elevation and external rotation were allowed immediately as tolerated, while strengthening was delayed until 12 weeks postoperatively. 10 
Return to Sport
Overall, the return to sport across all patients was 69.6% (657/944 patients). From the 17 studies reporting previous level of play, 69.0% (562/815) of patients were able to return to previous level of play. [2] [3] [4] [8] [9] [10] [11] [12] 13, 16, 18, 20, 23, 27, 29, 33, 38 Three studies 4, 12, 20 reported specifically on level of play of overhead athletes, and pooled results indicated 65.0% (39/60) return to previous level of sport for overhead athletes.
Three studies 11, 13, 33 with a total of 146 pitchers reported a return to sport rate of 57.5% (84/146 patients) for pitchers alone, in rate for the 7 studies that did report concomitant pathologies in their population, which was 68.0% (305/448 patients) ( Table 2) . 4, 10, 12, 13, 28, 29, 37 There were variable criteria for return to previous level of play across all studies; however, all players returned to the same sport when authors reported on return to previous level of play. Two studies 16, 18 specified return to preinjury levels as being grade 0, indicating no limitation and a complete return to preinjury levels, with higher levels representing mild to severe limitation. For pitchers, 2 studies 11,33 specified return to preinjury levels as having an earned run average (ERA) within 2.00 and walks plus hits per inning pitched (WHIP) within 0.500. Most studies used patient-reported outcomes to assess return to previous level of play. [2] [3] [4] [5] 9, 10, 12, 13, 17, 20, [23] [24] [25] [27] [28] [29] 37, 38 
Complications and Revision Surgery
The overall complication rate across the studies included was 9.1% (86/944 patients) ( Table 2 ). The most common adverse effects reported involved pain or postoperative stiffness (56/944 patients; 5.9%) and recurrent tearing (23/944 patients; 2.4%). [2] [3] [4] [8] [9] [10] 12, 13, 17, 18, 20, 25, 28, 29 The rate of revision surgery was 13.5% (125/944 patients). Of the studies reporting on the reasons for performing revision surgery, the most common reasons were persistent postoperative pain or stiffness ( 
discussion
SLAP lesions pose significant sporting limitations for athletes. 24, 25 We found a pooled return to sport rate of 69.6% (657/944 patients) after SLAP repair. Although there is large variation in the reported rates of return to sport, overall, the literature supports a high level of return to sport for patients other than those participating in pitching sports. The return-to-sport rate for pitchers compared with the return-to-activity rate for nonpitchers, as defined by return to sport or return to work, was 57.5% (84/146 patients) and 87.1% (572/657), respectively. Overall, the literature supports a return to sport at the same level for 69.0% (562/815) of patients. The time to return to activity for most patients was approximately 9 months.
Similar systematic reviews have been conducted by Gorantla et al, 14 Sayde et al, 30 and Sciascia et al 32 ; however, no systematic reviews on this topic have been conducted since 2015. This study provides an update on the literature, with several studies included since then. 2, 8, 13, 33, 37 The study by Sciascia et al 32 only included studies performed up to 2013, despite having been published in 2015. Furthermore, Gorantla et al 14 and Sciascia et al 32 do not specify whether screening was performed independently in duplicate. There were certain studies that should have been included in these reviews that may have been overlooked. In the study by Sayde et al, 30 although articles were searched up until December 2010, the study failed to include the investigation by Rhee et al 28 Concomitant shoulder pathologies may also compromise return to sport after arthroscopic SLAP repair. Glenohumeral instability and rotator cuff tears were prevalent among the patients studied, and they were associated with similar returnto-sport rates in comparison with the studies reporting no concomitant pathologies. 10, 11, 13, 18, 23, 24, 29, 37 Patients with concomitant shoulder pathology also were found to have higher rates of postoperative complications, which may affect time to return to sport. The most common concomitant pathologies were partial or full rotator cuff injury (91; 9.6%) and subacromial impingement (35; 3.7%).
Very few studies reported on time to return to sport, making it difficult to provide an accurate estimate of the true recovery time period. Although the studies that reported on time to return to sport had variable follow-up periods and return-to-sport rates, the studies all reported a time to return to sport between 6 months and 1 year. 23, 38 Time to return to sport is also dependent on factors outside of the pathology or surgery, such as the aggressive or conservative nature of the surgeon's approach as well as the nature of the trainer's rehabilitation protocol.
Injury to the dominant versus the nondominant extremity also may dictate whether the athlete is able to return to sport. For example, Boileau et al 3 reported 90% of athletes experienced injury to the dominant extremity and only 20% returned to their previous level of play. 3 However, Ide et al 16 reported 95% of patients having injured their dominant extremity but still had a 90% return-to-sport rate. Similarly, Neri et al 23 reported 100% of patients experiencing injury to their dominant arm and a 78% return-to-sport rate overall. 23 Therefore, it remains somewhat unclear how much undergoing a SLAP repair on the dominant arm as opposed to the nondominant arm affects return-to-sport rates.
Other patient factors such as the patient's age may also affect the patient's ability to return to sport. According to the findings by Neri et al, 23 older age is associated with a significantly longer time to return to sport, with patients 40 years and older experiencing a slower return to sport (74%) after arthroscopic SLAP repair than patients younger than 40 (80%).
Some studies that were included compared the outcomes of SLAP repair with other interventions such as biceps tenodesis and combined SLAP repair and biceps tenodesis. Chalmers et al 8 found that combined biceps tenodesis and SLAP repair was associated with less favorable return-to-work rates (60%) compared with SLAP repair (88%) or biceps tenodesis (75%). However, Denard et al 10 found that biceps tenodesis had improved return-to-sport rates (100%) in comparison with SLAP repair (77%). Boileau et al 3 also found that patients who require revision surgery for persistent pain after SLAP repair can often be successfully managed with a biceps tenodesis.
There are limitations associated with this review, such as the variable follow-up periods among the studies, possibly accounting for the variability in return-to-sport rates. Furthermore, some studies defined their overall return-to-sport rate as return to sport at the previous level of play and did not report an overall rate of return to sport at any level. In these cases, the rates of return to sport at any level were assumed to be equal to the rate of return to sport at the preoperative level, which likely resulted in an underestimate in the true return-tosport rate at any level. [2] [3] [4] [8] [9] [10] 27, 38 Furthermore, the criteria for return to previous level of play or work varied across studies, if objectively reported at all, making it difficult to provide a concrete definition for return to preinjury level of play or work. For example, Fedoriw et al 11 indicated that return to previous level of play was indicated by returning to play for at least 1 season while maintaining the same league or ascending leagues and achieving similar statistics to those at the time of injury. For pitchers who returned for at least 1 year and to their same or higher league, an ERA within 2.00 and WHIP within 0.500 were considered similar to before their injury, and for position players, a batting average within 0.100 was considered similar. 11 In the investigation by Smith et al, 33 return to previous level of play among pitchers was also defined as an ERA within 2.00 and WHIP within 0.500 of preoperative values. Two studies 16, 18 specified return to preinjury levels as being grade 0, indicating no limitation and a complete return to preinjury levels, with higher levels representing mild to severe limitation. Most studies used patient-reported outcomes to assess return to previous level of play. [2] [3] [4] [5] 9, 10, 12, 13, 17, 20, [23] [24] [25] [27] [28] [29] 37, 38 All players returned to the same sport when authors reported on return to previous level of play. Although patients may have been successful at returning to sport, they may not be pain-or symptom-free.
Duration of return to sport was only reported by Smith et al, 33 citing mean career length on return to play being 3.67 ± 1.91 years, bringing into question the true long-term success of SLAP repair as reported in the studies. The lack of reporting on duration of return to sport offers a limitation in assessing return to preinjury levels for a sustained period, thus future studies may offer benefit by more carefully delineating an objective measure for return to preinjury levels while also monitoring length of return to sport prospectively.
Many authors discussing the results of SLAP repair have not adequately measured outcomes, such as duration of return to sport and changes in player statistics such as ERA, making true success difficult to discern from the included studies. There is heterogeneity associated with operative techniques, surgical indications, definition of return to sport, concomitant surgeries associated with SLAP repair, and postoperative rehabilitation, which may affect the generalizability of the return-to-sport rates. Although operative techniques varied mainly in terms of portal configuration, it has not been shown to have a significant impact on outcomes after SLAP repair. 1 Last, the significant heterogeneity in operative technique and nonstandardized postoperative rehabilitation protocols, in combination with the lack of comparative studies, prevented a meta-analysis from being performed. [2] [3] [4] [9] [10] [11] 13, 17, 18, 20, 23, 25, 27, 37, 38 conclusion Arthroscopic SLAP repair is associated with a fair return to sport, with 70% of individuals undergoing arthroscopic SLAP repair returning to sport. Concomitant shoulder pathologies in athletes are often associated with significantly higher complication rates and lower rates of return to sport. Athletes on average return to sport within approximately 9 months postoperatively. Return to sport among pitchers has been shown to be much lower (57.5%) than return to activity for nonpitcher counterparts (87.1%).
